The oceans' carbon uptake substantially reduces the rate of anthropogenic carbon 9 accumulation in the atmosphere 1 , and thus slows global climate change. Some 10 diagnoses of trends in ocean carbon uptake have suggested a significant weakening 11 in recent years 2-8 , while others conclude that decadal variability confounds detection 12 of long-term trends 9-11 . Here, we study trends in observed surface ocean partial 13 to the observed increase in oceanic pCO 2 . This warming, previously attributed to 22
both a multidecadal climate oscillation and anthropogenic climate forcing 12,13 , is 23 beginning to reduce ocean carbon uptake. 24
The ocean is the ultimate long-term sink for anthropogenic carbon, having taken up 25 approximately 30% of anthropogenic emissions from preindustrial times to 1994 1 . 26
Anthropogenic climate change may drive physical and biogeochemical shifts in the ocean 27 that result in reduced efficiency of this sink. Detection of such "climate-carbon 28 feedbacks" is of great interest, but is complicated by the influence of poorly-quantified 29 decadal timescale variability [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] 14, 15 . 30
Previous studies have estimated trends in the North Atlantic carbon sink from oceanic 31 pCO 2 data and numerical model output for recent decades, but have not agreed as to its 32 direction and magnitude [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] 16 . Comparison of these studies is complicated by the different 33 time periods, regions, and methodologies used. Distinct from previous studies, we 34 determine trends in oceanic pCO 2 from data across three (3) large biogeographic regions 35 ("biomes") 17 that together occupy 87% of the total area of the North Atlantic ( Figure 1a ). 36
The northern seasonally stratified subpolar gyre (SP-SS) biome is cold and biologically 37 productive, the southern permanently stratified subtropical gyre (ST-PS) biome is warm 38 and has low productivity, and between these extremes is the seasonally stratified 39 subtropical (ST-SS) biome. Our focus on biome-scale trends is motivated by relevance to 40 the global scale partitioning of CO 2 between the atmosphere and the ocean. 41
Our methodology takes advantage of the strengths of both methods previously used to 42 study trends in the ocean carbon uptake potential: (1) pCO 2 observations from surface 43 seawater and air, and (2) numerical models. The results we present are based solely on 44 accumulation or loss of carbon in the surface ocean or other chemical changes that 68 modify oceanic pCO 2 . For only SURATLANT, more detailed chemical data allows a 69 further decomposition of oceanic pCO 2 change into a part associated with carbon 70 accumulation or loss (dissolved inorganic carbon is directly related to oceanic pCO 2 ) and 71 a part associated with the charge balance of major ions (alkalinity is inversely related to 72 oceanic pCO 2 ). All trends are presented with 1σ uncertainty bounds 2 , and as in previous 73 studies 5-7 , an indistinguishable difference between trends occurs when these bounds 74 overlap (see Methods). 75 gyre is consistent with a climate-carbon feedback by which anthropogenic warming 167 reduces the ocean's ability to remove anthropogenic carbon from the atmosphere. 168
For both decadal and multi-decadal timescales, we find less dramatic amplitudes of 169 recent trends in the North Atlantic surface ocean pCO 2 than others have suggested 2-7 . This 170 is due, in part, to the fact that we estimate trends from observations across much larger, 171 gyre-scale, regions than previously considered. Our parallel analysis with a numerical 172 model indicates that sampling is sufficient for recovery of gyre-average oceanic pCO 2 173 trends, but uncertainty is still significant and will be best reduced with additional data. At 174 the 1σ confidence level, we are able to detect short-term shifts in oceanic pCO 2 , 175 reasonably explained by climate variability 9-11 , and north of 30 o N, long-term oceanic 176 pCO 2 trends that track the rate of atmospheric pCO 2 increase. A significant role for the 177 seasonally stratified biomes of the North Atlantic in the proposed multi-decadal increase 178 in the atmospheric fraction of anthropogenic CO 2 8,26,27 is not distinguishable. However, in 179 the North Atlantic permanently stratified subtropical gyre we do find an increasing 180 influence on oceanic pCO 2 by a warming trend that is partially due to anthropogenic 181 forcing 12 . This is evidence of a climate-carbon feedback that is beginning to limit the 182 strength of the ocean carbon sink. 183
Methods 184
Database of pCO 2 s.ocean . Direct oceanic pCO 2 (pCO 2 s.ocean ) measurements were made using 185 air-seawater equilibration methods, and quality controlled and compiled as described in 186 detail by Takahashi et al. (2009) 18 . We use data only within 0°N -85°N, 100°W -20°E. 187 Alternative trend analysis approaches were tried, but do not strongly influence results 221
( Supplementary Information, section 1) . 222
Trend uncertainty and trend comparisons. We present the 1σ confidence intervals 223 (68.3%) calculated via: 224
Where t is the two-tailed t-statistic for 68.3% confidence for N-4 degrees of freedom 226 the data; and € X is the mean value. Distinguishability of trends determined by a student t-228 test with t* calculated from the data using: 229
where b s.ocean is the surface ocean trend, b atm is the atmospheric trend, σ e is the sum of 231 squared errors (SSE) divided by the DOF, and S xx is calculated by Supplementary Information, section 2, Supplementary Figure 3) . 
